Stretch-inducible expression of the angiogenic factor CCN1 in vascular smooth muscle cells is mediated by Egr-1.
CCN1 is an angiogenic factor that promotes cell adhesion, proliferation, and differentiation. CCN1-deficient mice suffer embryonic death because of vascular defects, demonstrating that CCN1 is required for vessel development. Because mechanical stretch may act as a trigger for vessel development, we investigated the impact of mechanical stretch on the regulatory mechanism of CCN1 expression. Mechanical stretch rapidly enhances CCN1 expression and release in vascular smooth muscle cells (VSMC) in vitro and CCN1 expression in murine aortic segments in vivo. Transfection experiments of VSMC with deletion constructs of the CCN1 promoter revealed the regulatory region responsible for the stretch-induced CCN1 expression in the approximately 200-bp promoter region upstream of the TATA-box containing potential binding sites for early growth response-1 (Egr-1), nuclear factor of activated T-cells and cAMP response element binding protein. Decoy oligonucleotides to Egr-1, but not to nuclear factor of activated T-cells or cAMP response element binding protein, abolished the stretch-induced transcription of CCN1. In addition, mutagenesis of the Egr-1 binding site within the CCN1 promoter completely blunted the stretch-induced activation of the promoter. Furthermore, mechanical stretch induced the expression and DNA-binding activity of Egr-1 in VSMC as demonstrated by Western blot and electromobility shift assay. Moreover, a pressure overload-dependent de novo synthesis of Egr-1 was observed after aortic banding. These findings indicate that mechanical stretch leads to enhanced expression of CCN1 via the mechanosensitive transcription factor Egr-1, suggesting a central role for mechanical stretch in the regulation of CCN1-dependent pro-angiogenic potency.